We present a retrospective study of 27 patients treated by callus distraction using a unilateral external fixator of our own design for nonunion with bone loss and shortening of the femur caused by suppurative osteomyelitis. The unilateral external fixator was used either alone or in combination with an intramedullary nail. The mean age of the patients was 13.6 years (8 to 18). The fixator was used alone in 13 patients and with an intramedullary nail in 14. The bone results at a mean follow-up of 88 months (37 to 144) were excellent in 16 patients and good in 11.
We present a retrospective study of 27 patients treated by callus distraction using a unilateral external fixator of our own design for nonunion with bone loss and shortening of the femur caused by suppurative osteomyelitis. The unilateral external fixator was used either alone or in combination with an intramedullary nail. The mean age of the patients was 13.6 years (8 to 18). The fixator was used alone in 13 patients and with an intramedullary nail in 14. The bone results at a mean follow-up of 88 months (37 to 144) were excellent in 16 patients and good in 11.
The functional results were excellent in 18 patients and good in nine. However, four patients still had draining sinuses at the latest follow-up. A residual deformity greater than 7˚ was present in seven femora, but this did not adversely affect function or require further treatment.
In the past, bone loss as a result of infection and trauma has been treated with autogenous bone grafts, vascularised bone grafts, allografts and artificial bone substitutes. 1 More recently callus distraction has become popular for the treatment of leg-length discrepancy, deformity, nonunion and bone loss. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] We report the results of 27 patients suffering from nonunion, bone loss and leg shortening following osteomyelitis who were treated by callus distraction.
Patients and Methods
We undertook a retrospective study of 27 patients treated in our unit between October 1994 and January 2004 for nonunion of the femur with bone loss following osteomyelitis. Callus distraction with a unilateral fixator alone or in combination with an intramedullary nail was used in all patients. The mean age of the patients was 13.6 years (8 to 18). In 25 of the 27 patients (93%) bone grafting had been previously undertaken using autogenous fibula, iliac bone, or demineralised bone, three to five years after control of the osteomyelitis, and had failed. According to Paley's classification of nonunion, 14 all patients were type B3 (nonunion with bone loss and leg shortening). In 24 patients (89%), the site of nonunion was in the femoral shaft. In the remaining three (11%) it was in the distal femur and was associated with a stiff knee joint. No patient had symptoms or signs of active osteomyelitis. All the laboratory parameters of infection, such as the C-reactive protein level, erythrocyte sedimentation rate, white blood-cell count and differential, were normal. The mean amount of bone loss was 2.0 cm (1.0 to 3.5) as measured on plain radiography. The mean leg-length discrepancy was 7.8 cm (2.7 to 16.5). External fixator. A unilateral external fixator (Third Medical Instrument Company, Wujin, China) ( Fig. 1 ) was used for callus distraction in all patients. It has two screw rods and two link rails and is a stable rectangular plane fixator which is connected to the bone by the link rails and threaded pins. When the bone is lengthened or compressed the press boards (used to make the fixator more stable) are removed and an S-needle is used to rotate the screw rods through a modulating hole in the middle of the rod. The three-segment fixator, allows distraction in one segment of the bone and compression at another at the same time. Operative technique. Pre-operative radiographs were taken in the sagittal and coronal planes to assess the nonunion, to determine the planes of the osteotomies and the length and diameter of the intramedullary nails if required. The external fixator was used alone in 13 patients (group A) and combined with an intramedullary nail (Fig. 2) in a further 14 (group B).
Callus distraction with external fixation (group A). The patient was supine on a radiolucent table with a pillow under the ipsilateral buttock. The sclerotic bone ends were not removed. Under image intensifier control one or two proximal pins, 4.5 mm diameter, were inserted at the level of the lesser trochanter at right-angles to the anatomical axis of the femur. Next, one or two diaphyseal pins, 4.5 mm diameter, were inserted approximately 2 cm to 3 cm below the level which had been selected for the osteotomy. One or two distal pins, 4.5 mm diameter, were inserted at the level of the superior pole of the patella if necessary. All these pins should be inserted in the same plane. The femoral shaft was exposed subperiosteally and a transverse osteotomy made at the pre-selected level. The periosteum was sutured and the wound closed with a drainage tube. The external fixator was attached with a 2 cm gap between it and the thigh, to allow for swelling. Callus distraction over an intramedullary nail (group B). Antegrade reaming of the femur over an intramedullary guidewire was carried out to a diameter 1.5 mm larger than that of the selected intramedullary nail. The nail was then inserted temporarily. Under image intensification, one or two proximal pins, 4.5 mm diameter, were inserted approximately 2 cm to 3 cm above the pre-selected osteotomy site and one or two pins, 4.5 mm diameter, were inserted approximately 2 cm to 3 cm distal to it. All the pins were positioned beyond the nail. The intramedullary nail was then removed and a transverse osteotomy performed subperiosteally. The nail was then reinserted and secured distally with a locking screw. The excess length of the nail was left in the soft tissues proximally. The body of the unilateral frame was then applied. Care should be taken to avoid contact between the pins of the external fixator and the intramedullary nail, and the distal locking screw should be placed 2 cm to 3 cm away from the pins. 10, 15 All patients were given a seven-day course of intravenous broad-spectrum antibiotics post-operatively. Partial weightbearing and physiotherapy were encouraged from the second post-operative day. Distraction was started five to seven days after the operation at a rate of 1.0 mm per 36 hrs in four increments of 0.25 mm. When the regenerate bone length had reached approximately 6.0 cm, the rate of distraction was reduced to 1.0 mm every 48 hrs in four increments of 0.25 mm. Clinical and radiological examination was carried out every 15 days to assess new bone formation Photographs showing a) a two-segment unilateral external fixator which can be used either to compress or to elongate. The link rail is composed of pins and the pin fixator, and b) a three-segment unlateral external fixator which can compress one bone segment and elongate the other. and the pin sites. When the length of the regenerated bone was greater than 40% of the original limb length, the decision whether to stop or continue was taken depending on the state of the blood supply, sensation and movement in the limb. Once the decision had been taken to stop lengthening or the required length had been achieved, in group A the external fixator was removed when sufficient consolidation was obtained, i.e. when at least three of four cortices were observed to be united on anteroposterior (AP) and lateral radiographs, and in group B, proximal locking screws were inserted into the nail and the fixator removed to facilitate unrestricted rehabilitation. Statistical analysis. Statistical significance between the two groups was evaluated using Student's t-test. A p-value < 0.05 was considered to be significant.
Results
The 27 patients were followed up for a mean of 88 months (37 to 144). The results are given in Tables I and II 15 union, infection, deformity and leg-length discrepancy. All patients achieved union, but four still had draining sinuses at the latest follow-up, and one of these four had a persistent deep infection. A residual deformity > 7˚ was present in seven patients. No patient had a residual leg-length inequality of > 2.5 cm. An excellent bone result was one in which there was union, no infection, deformity < 7˚, and leg-length discrepancy < 2.5 cm. A good result was union, plus two of the other criteria; a fair result was union plus one of the other criteria; a poor result was nonunion or refracture, or none of the other criteria. Based on these criteria, 16 bone results were excellent, 11 good and none was fair or poor. The functional results were based on six criteria recommended by Paley et al, 15 range of movement of the knee, amount of lengthening achieved, gait, lateral distal femoral angle, pain, and ability to perform activities of daily living (ADL) or to work. All patients regained their ADL and, where appropriate returned to work. However, they all still had a limp. If the knee joint was stiff before treatment it remained so afterwards. Based on these criteria, 18 functional results were excellent, nine good and none was fair or poor. Complications. These were reported as recommended by Paley.
16 Superficial pin-track infections recurred in 16 of 27 limbs (59%) and responded to oral or intravenous antibiotics. Movements of the knee joint were restricted by 20m ore than before operation in 12 patients (44%). However, 11 improved with functional exercises and one required a manipulation under anaesthetic.
Severe pin-track infections were found in two patients (7.4%) and one pin had to be removed. Deep infection was found in one patient in group B after successful lengthening. This was confirmed by culturing specimens taken when the nail was removed and was eradicated by reaming the medullary canal and the use of intravenous antibiotics. During distraction, pin loosening caused by osteoporosis occurred in four limbs, all of which were treated by repositioning of the pins. In one limb the proximal femoral pins slipped out of the femur and the external fixator was removed (Figs 3 and 4) . Subluxation of the hip joint occurred in three patients with acetabular dysplasia prior to treatment. This was treated by traction, closed reduction and an acetabular shelf procedure. A residual deformity > 7˚ was present in seven femora after removal of the fixator. However, no treatment was required for this as all the patients walked well without support.
There were no refractures, neurological or vascular injuries. There were no problems with avascular necrosis of the femoral head in group B, where an intramedullary nail was used.
Discussion
Treatment of nonunion with bone loss and leg shortening caused by suppurative osteomyelitis during childhood has rarely been reported.
For many years, the most common treatment has been bone grafting to fill the defect. Several techniques have been described, including autogenous bone graft, allograft bone, and synthetic bone substitute, either alone or in conjunction with internal fixation. 1, 17 The major disadvantages are that healthy tissue may be sacrificed, as in autogenous bone grafts, the grafted bone may be absorbed and full weight- Anteroposterior radiographs showing a) callus distraction performed with a unilateral external fixator and intramedullary nail, b) and c) in the process of lengthening, obvious bone regeneration can be seen in the non-contact area at the docking site of the non-elongated bone segment, d) and e) showing that the proximal pins have pulled out of the femur. bearing is usually delayed until the graft shows signs of hypertrophy. In 1987, De Bastiani et al 3 introduced the concept of callus distraction (callotasis). This technique has several advantages 2, 6, 11, [18] [19] [20] and can be used to treat large bony deficiencies. 6 In this study, good outcomes were obtained with leg lengthening ranging between 6 cm and 19.5 cm. We did not expose the docking site to remove sclerotic bone and scar tissue. During lengthening, the defect was gradually closed at the same rate as the movement of the segment of bone between the osteotomy and the defect. After the defect had been closed, distraction was continued to correct leg-length discrepancy 12 and compression was applied to the docking site to facilitate union.
Currently, a distraction rate of 0.25 mm every six hours is considered optimal for creating new bone, and that a more acute correction impairs medullary blood supply, and inhibits osteogenesis. 11, [21] [22] [23] [24] In this study, we employed slower distraction rates. Initially, a rate of approximately 1.0 mm every 36 hours (0.25 mm every nine hours) was used. Later this was reduced to 1.0 mm every 48 hours (0.25 mm every 12 hours) when the length of the regenerated bone reached 6.0 cm. This rate produced satisfactory new bone formation in the distraction gap. Because the two groups of patients are not well matched, it is difficult to compare the present technique of callus distraction with other studies. In group A, the mean external fixation index of 41.9 days/cm is comparable with that of others using a distraction rate of 1 mm/24 hrs, which ranges between 31 days/cm and 52 days/cm. 8, 11, [25] [26] [27] [28] In group B, the mean external fixation index of 18.6 days/cm is comparable with that of others using a distraction rate of 1 mm/24 hrs, which ranges from 12.2 days/cm to 19.7 days/cm. 13, 15 In October 2001, we started to use callus distraction over an intramedullary nail. Between October 2001 and January 2004, 17 patients attended our hospital for treatment and 14 were treated by lengthening over an intramedullary nail. We followed the indication suggested by Shepherd et al 29 that if the area to be lengthened exceeds 5 cm to 6 cm, the combination of an external fixator and an intramedullary nail should be used. However, a nail was not used in three cases because these patients could not afford the extra cost.
Deep infection occurred in one patient in group B despite following the recommendations of Paley et al. 15 The rate of deep infection of one in 14 patients was lower than that reported by Simpson et al 10 but higher than that of Paley et al. 15 The patient with a deep infection had received xenodemineralised bone graft and was in a poor nutritional state. Excluding pin-track infection, the rate of complications in group A was higher than in group B, which differs from the results of Paley et al. 15 In this series, the majority of complications, such as pin loosening or pulling out, were associated with osteoporosis and restriction of knee movement. The use of an intramedullary nail was an advantage in regaining knee motion.
Previous studies have emphasised the importance of preserving the bone marrow and endosteal blood supply in dis- Diagram showing a) nonunion accompanied by bone loss and leg shortening due to suppurative osteomyelitis, b) post callus distraction, c) bone segments contacted and d) bone regeneration in the non-contact area at the docking site of the non-elongated bone segment (bone absortion is indicated by the arrows and regeneration by the dashed area). traction osteogenesis. 3, [30] [31] [32] Several authors have expressed concern that intramedullary nailing may compromise the endosteal blood supply of the diaphyseal bone, 10, [32] [33] [34] which affects the quality of the regenerated bone during leglengthening procedures. However, in a rabbit tibial model, Kojimoto et al 7 showed that the endosteum and bone marrow are not crucial for adequate callus formation and that periosteum is of particular importance. Clinically, Delloye et al 35 found no difference between corticotomy and osteotomy with regard to bone healing and new bone formation. There is evidence to suggest that the periosteal blood supply increases after intramedullary nailing. 7, 36, 37 Simpson et al 10 reported successful lengthening over an intramedullary nail without compromising the quality of the regenerated bone. In our study, callus distraction over an intramedullary nail did not compromise the quality or quantity of the regenerated bone and allowed early removal of the external fixator.
Bone resorption was noted at the docking site during lengthening which could increase the amount of lengthening required. This may have been a result of the chronic osteomyelitis or lack of the normal stresses on the bone. We also noted bone regeneration occurring in the non-contact area at the docking site (Figs 3 and 4) .
Progressive shortening of the affected limb occurs with growth in these patients. We used the multiplier method described by Paley et al 38 to calculate the overall leg-lengthening required. This method was originally described for predicting the leg-lengthening required in patients with achondroplasia. Our results indicate that it can also be used to predict the lengthening needed in patients with nonunion associated with bone loss due to osteomyelitis.
No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
Supplementary Material
Supplementary tables showing details of patients, functional results and complications are available with the electronic version of this article on our website at www.jbjs.org.uk
